The objectives were to study the relationships of insulin resistance with generalized and abdominal obesity, and body fat patterning in urban postpubertal Asian Indian children. DESIGN: Cross-sectional, population-based epidemiological study. SUBJECTS: In all, 250 (155 males and 95 females) healthy urban postpubertal children. MEASUREMENTS: Anthropometric profile, percentage of body fat (%BF), fasting serum insulin, and lipoprotein profile. RESULTS: Fasting insulin correlated significantly with body mass index (BMI), %BF, waist circumference (WC), central and peripheral skinfold thicknesses and sum of four skinfold thicknesses ( P 4SF) in both sexes, and with systolic blood pressure and waist-to hip circumference ratio (W-HR) in males only. Consistent increase in fasting insulin was noted with increasing values of central skinfold thickness at each tertile of peripheral skinfold thickness, WC, and %BF. Central skinfold thickness correlated with fasting insulin even after adjusting for WC, W-HR, and %BF. The odds ratios (OR) (95% CI) of hyperinsulinemia (fasting insulin concentrations in the highest quartile) were 4.7 (2.4-9.4) in overweight subjects, 8 (4.1-15.5) with high %BF, 6.4 (3.2-12.9) with high WC, 3.7 (1.9-7.3) with high W-HR, 6.8 (3.3-13.9) with high triceps skinfold thickness, 8 (4.1-15.7) with high subscapular skinfold thickness, and 10.1 (5-20.5) with high P 4SF. In step-wise multiple logistic regression analysis, %BF [OR (95% CI): 3.2 (1.4-7.8)] and ?4SF [OR (95% CI): 4.5 (1.8-11.3)] were independent predictors of hyperinsulinemia, similar to insulin resistance assessed by HOMA (homeostatic model of assessment) in the study. CONCLUSION: A high prevalence of insulin resistance in postpubertal urban Asian Indian children was associated with excess body fat, abdominal adiposity, and excess truncal subcutaneous fat. Primary prevention strategies for coronary heart disease and diabetes mellitus in Asian Indians should focus on the abnormal body composition profile in childhood.
Introduction
The prevalence of insulin resistance and diabetes mellitus is particularly high in adult Asian Indians. 1, 2 These metabolic factors are forerunners of the accelerated and severe atherosclerosis seen in Asian Indians in all geographic regions. 3 While the determinants of insulin resistance and the metabolic syndrome in adult Asian Indians continue to be debated, generalized and regional obesity have been shown to be important predictors. 1, 2 Studies in several ethnic groups show that metabolic abnormalities associated with insulin resistance manifest during childhood and adolescence. [4] [5] [6] [7] In particular, overweight and obese children and adolescents, 8, 9 and those having truncal obesity, 10 are at a substantially increased risk for the development of multiple cardiovascular risk factors. Insulin resistance as estimated by the hyperinsulinemiceuglycemic clamp technique 11 and by surrogate markers 12 has been reported in children and adolescents. Further, fasting hyperinsulinemia in early life predicted the development of dyslipidemia 5 and cardiovascular risk 13 in adulthood. Whereas high prevalence rates of hyperinsulinemia, insulin resistance and the metabolic syndrome have been documented in adult Asian Indians, only three investigators have studied children, adolescents, and young adults. [14] [15] [16] These studies have dealt with limited numbers of offspring of migrant Asians who are generally more affluent, and have an acculturated diet and lifestyle as compared to those living in India. A population-based study of insulin resistance, anthropometric, and cardiovascular risk factor profile in postpubertal Asian Indian children has not been carried out. Such a study is important since clues for the development of high cardiovascular risk and type II diabetes mellitus in adult Asian Indians may manifest at a young age, reflected by the increasing prevalence of overweight and obesity among urban adolescents. 17 The findings of such a study would also be important to the children of a rapidly growing population of migrant Asian Indians settled in the USA, Canada, the UK, and other countries. We hypothesized that urban postpubertal Asian Indian children are insulin resistant and manifest other features of the metabolic syndrome. The insulin resistance in these children is related to excess body fat and to regional excess of fat. The present study aimed to examine the relationship of surrogate markers of insulin resistance with the measures of generalized and regional obesity, anthropometric profile, and serum lipoproteins in urban postpubertal children in north India.
Materials and methods

Study design and sampling method
The data of the subjects included in this study were taken randomly from a large ongoing Epidemiological Study of Adolescents and Young adults (ESAY study) comprising postpubertal children and young adults 14-25 y of age from schools and colleges located in southwest New Delhi. The details of the sampling methods have been reported earlier. 18 The multistage cluster sampling, based on the modified World Health Organization Expanded Program of Immunization Sampling Plan, 19 was adapted for collecting an appropriately representative sample from high schools and colleges in the ESAY study. Out of the target sample of 4000 subjects for the ESAY study, a total of 1795 subjects had been recruited till May 2003. A total of 250 subjects (155 males and 95 females) 14-18 y of age were recruited from the database of ESAY study for the current investigation. Approval for conducting the study was obtained from the Director of Education, Ministry of Education, Government of New Delhi. The study was initiated in August 2000 after approval from the institutional ethics committee. A written informed consent was obtained from subjects Z18 years of age. For subjects o18 years of age, written informed consent was obtained from their parents.
Clinical profile and measurements A brief clinical history, demographic, anthropometric, and clinical profiles were recorded. The same physician recorded the anthropometric measurements according to the methods described earlier. 20 Briefly, height (to the nearest 0.5 cm), weight (to the nearest 0.1 kg), waist and hip circumferences, and skinfold thickness measurements at four sites (biceps, triceps, subscapular, and suprailiac) were obtained. Body mass index (BMI), waist-to-hip circumference ratio (W-HR), central skinfold thickness (sum of subscapular and suprailiac skinfold thicknesses), peripheral skinfold thickness (sum of biceps and triceps skinfold thicknesses), sum of four skinfold thickness ( P 4SF), and central:peripheral skinfolds ratio (C:P ratio) were calculated. The reproducibility of the skinfold thickness measurement was assessed for all individual skinfolds and the coefficient of variation for the measurement error was estimated as o10%.
A four-point bioelectrical impedance apparatus (Tanita TBF 300, TANITA Corp., Tokyo, Japan), validated for Asian children and adolescents, 21 was used to measure the percentage of body fat (%BF), according to a standard procedure described earlier.
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Blood pressure was measured by a standard mercury sphygmomanometer (Industrial Electronic and Allied Products, Pune, India), after the subject had rested for 5 min in the sitting position, using the appropriate cuff size and phase 5 Korotkoff sounds were taken for diastolic blood pressure categorization. In case of an abnormal blood pressure recording, another reading was obtained after 5 min rest and the mean of the two values was taken for the final record. The same physician measured the blood pressure using the same instrument for all the subjects and the instrument was periodically validated against a Hawksley Random Zero Sphygmomanometer (Hawksley, Lancing, Sussex, UK).
Metabolic parameters
Venous blood samples were drawn after a 12-h overnight fast and transported immediately to the laboratory where the serum from blood samples was separated in cold centrifuge (Plasto Crafts, Mumbai, India) at 2000 rpm for 10 min and stored in a deep freezer at À201C. Fasting blood glucose (FBG), total cholesterol (TC), serum triacylglycerol (TG), and HDL concentrations were estimated the same day in the Metabolic Research Laboratory using the respective reagent kits (Randox Laboratory, San Francisco, CA, USA) on a semiautomated analyzer (das srl, palombaraSabina, Italy). (fasting insulin (mU/ml) Â fasting glucose (mmol/l))/22.5
The value of HOMA denoting various degrees of insulin resistance was termed as HOMA-IR.
Statistical analysis
The data were entered in an Excel spreadsheet (Microsoft Corp, Washington, USA). The distributions of anthropometric and biochemical parameters were confirmed for approximate normality. We used mean and standard deviations to summarize the variables. The differences in anthropometric parameters in males and females were compared using the Z-test. As fasting insulin concentrations were nonnormally distributed, log transformation was carried out to calculate partial correlations among fasting insulin concentrations and various factors, adjusting for age. Oneway analysis of variance (ANOVA) followed by Bonferroni post hoc test, if required, was used to compare mean values of various clinical, anthropometric, and biochemical parameters across quartiles of fasting insulin and HOMA-IR. Fasting insulin concentrations was categorized as binary outcome variable (hyperinsulinemia or normoinsulinemia). The analysis for risk factors was performed in three (Table 1) .
Biochemical parameters
None of the subjects had impaired fasting glucose or diabetes.
The mean values of all the lipid parameters, except TG, were significantlly higher in females than in males (Table 2 ). For both males and females, the mean values of lipoproteins were not statistically different between normal weight and overweight subjects except higher levels of HDL in normal weight females (1.3770.27 mmol/l) as compared to overweight females (1.2170.27 mmol/l, P ¼ 0.02). No significant difference in the prevalence of any variable of dyslipidemia was observed between normal weight and overweight subjects.
Fasting insulin concentrations and HOMA-IR values
Females had higher mean fasting insulin concentrations and HOMA-IR values as compared to males ( Table 2 ). The mean fasting insulin concentrations were higher in overweight subjects (22.577.0 mU/ml) and in subjects with high %BF (22.577.2 mU/ml) as compared to normal weight subjects (16.375.7 mU/ml, Po0.001) and subjects with normal %BF (16.075.4 mU/ml, Po0.001). Similarly, mean fasting insulin concentrations were higher in subjects with high values of triceps skinfold thickness, P 4SF, WC, and W-HR as compared to subjects with lower values of these parameters (Po0.001 for all variables). The pattern of distribution of HOMA-IR values was similar to that of fasting insulin concentrations.
With increasing quartiles of fasting insulin, a significant increasing trend in BMI, %BF, thickness of all individual skinfolds, central and peripheral skinfold thicknesses, and P 4SF was observed in both sexes, whereas a significant increasing trend in SBP, WC, W-HR, and C:P ratio was observed only in males (Table 3) . Among hyperinsulinemic males, the mean values of triceps skinfold thickness (20.6 mm) represented the 88th percentile and subscapular skinfold thickness (25.4 mm) 89th percentile, in hyperinsulinemic females, triceps skinfold thickness (18.5 mm) represented the 73rd percentile and subscapular skinfold thickness (21 mm) 74th percentile in reference to percentile data of skinfold thickness from the ESAY study cohort. No significant trend was observed with any of the lipoproteins in either males or females. Finally, the distribution of various anthropometric and biochemical parameters across quartiles of HOMA-IR was similar to that observed across quartiles of fasting insulin.
In males, the prevalence of fasting hyperinsulinemia was significantly higher in those with high values of BMI, %BF, WC, W-HR, and triceps and subscapular skinfold thicknesses (Figure 1a) , and in females, it was significantly higher in subjects with high values of %BF, triceps and subscapular skinfold thicknesses, and P 4SF (Figure 1b ) as compared to those with normal values of these variables. Insulin resistance in postpubertal Asian Indian children A Misra et al
Correlations of fasting insulin and HOMA-IR
Correlations of HOMA-IR with anthropometric parameters were almost identical to those observed with fasting insulin concentrations, hence only the latter are reported. For both sexes, fasting insulin concentrations correlated significantly with BMI, %BF, WC, individual skinfold thickness, central and peripheral skinfold thickness, and P 4SF; correlations being stronger in males (Table 4 ). Significant correlations of fasting insulin concentrations with SBP, W-HR, and C:P ratio were observed in males only (Table 4) . No significant correlation between fasting insulin concentrations and any of the lipid parameters was observed in either sex. Among the skinfolds, triceps and suprailiac skinfold thickness was more strongly correlated with fasting insulin concentrations. Central and peripheral skinfold thickness correlated more strongly with fasting insulin concentrations as compared to WC, W-HR, and C:P ratio. The correlation of central skinfold thickness with fasting insulin remained significant after adjusting for peripheral skinfold thickness (males: r ¼ 0.22, P ¼ 0.007), WC (males: r ¼ 0.34, Po0.001), W-HR (males: r ¼ 0.63, Po0.001; females: r ¼ 0.30, P ¼ 0.003), and %BF (males: r ¼ 0.42. Po0.001). On the other hand, after Sum of subscapular and suprailiac skinfolds thickness. h Sum of biceps and triceps skinfolds thickness. SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; %BF, percentage of body fat; WC, waist circumference; W-HR, waist-to-hip circumference ratio; C:P ratio, central-to-peripheral skinfold thickness ratio; S4SF, sum of four skinfolds thickness; FBG, fasting blood glucose; TC, total cholesterol; TG, triacylglycerol; NS ¼ not significant.
Insulin resistance in postpubertal Asian Indian children A Misra et al adjusting for central skinfold thickness, the correlations of peripheral skinfold thickness, WC, W-HR with fasting insulin became nonsignificant in both sexes, whereas the correlation of %BF with fasting insulin remained significant only in females (r ¼ 0.25, P ¼ 0.01). The correlation of C:P ratio with fasting insulin remained significant after adjusting for peripheral skinfold thickness in males (r ¼ 0.22, P ¼ 0.007), whereas it became nonsignificant after adjusting for central skinfold thickness.
Keeping the value of peripheral skinfold thickness constant, increasing central skinfold thickness was associated with a consistent increase in fasting insulin concentrations (Figure 2 ). On the other hand, keeping the central skinfold thickness value constant, no such consistent relationship of fasting insulin concentration was observed with increasing peripheral skinfold thickness. Similarly, at each tertile of %BF and WC, increasing value of central skinfold thickness was associated with a consistent increase in fasting insulin concentrations. On keeping the central skinfold thickness constant, no consistent increase in fasting insulin concentration was observed with increasing %BF and WC.
The OR for fasting hyperinsulinemia in subjects with high values of various anthropometric parameters and measures of obesity were calculated including gender in the regression equation (Table 5) . High values of BMI, %BF, WC, W-HR, triceps and subscapular skinfold thickness, and P 4SF were observed more frequently in subjects with hyperinsulinemia than those with normoinsulinemia ( Table 5 ). The odds of hyperinsulinemia in subjects with high BMI were 4.7 times, high %BF 8 times, high WC 6.4 times, high W-HR 3.7 times, high triceps skinfold 6.8 times, high subscapular skinfold thickness eight times, and high P 4SF 10.1 times as Figure 1 Prevalence of high values of anthropometric parameters and other measures of obesity (all variables485th percentile) among males (a) and females (b) with normoinsulinemia and hyperinsulinemia. 'Hyperinsulinemia' was defined as fasting serum insulin concentrations in the fourth quartile (in males418.7 mU/ml and in females 423.7 mU/ml). BMI, body mass index; %BF, percentage of body fat; WC, waist circumference; W-HR, waist-to-hip circumference ratio; TR, triceps skinfold thickness; SS, subscapular skinfold thickness; P 4SF, sum of four skinfold thicknesses. The values of all anthropometric and obesity measures were considered high when 485th percentile of the reference population. Insulin resistance in postpubertal Asian Indian children A Misra et al compared to those with normal values of these variables, respectively. Finally, when all the anthropometric parameters were considered together in stepwise multiple regression analysis, %BF (OR (95% CI): 3.2 (1.4-7.8); P ¼ 0.008) and P 4SF (OR (95% CI): 4.5 (1.8-11.3); P ¼ 0.001) were independent predictors of hyperinsulinemia ( Table 5 ). The odds of high HOMA-IR in subjects with high values of various measures of obesity were similar to those observed for fasting hyperinsulinemia.
Discussion
This is the first study to examine comprehensively the relationships of fasting insulin concentrations and HOMA-IR with anthropometric parameters, body fat and its patterning, and serum lipoproteins in urban postpubertal Asian Indian children using proper sampling methodology. Important observations included a high prevalence of insulin resistance in postpubertal children that correlated with overweight, abdominal obesity, high subcutaneous truncal adiposity, and excess body fat. In contrast to earlier data, 11 Compared to the historical data of Black and White children of similar age groups, Asian Indian children in the present study had thicker central skinfolds despite having lower BMI and WC (Table 6 ). Further, increasing tertiles of truncal skinfold thickness were associated with higher fasting insulin concentrations at any tertile of peripheral skinfold thickness, %BF, and WC in the current study. Truncal skinfold thickness independently predicts cardiovascular risk 28 and type II diabetes mellitus 29 in adults, and correlates closely to postglucose load hyperinsulinemia in children. 9 A few investigators have shown that adult South
Asian and Asian Indians of both sexes have thicker truncal skinfolds than Caucasians. 30, 31 Interestingly, as compared to Caucasians, greater truncal skinfold thickness in adult Asian Insulin resistance in postpubertal Asian Indian children A Misra et al Indians was associated with a higher magnitude of hyperinsulinemia at similar values of BMI and %BF, and lower WC. 31 Further, despite having a lower body weight and triceps skinfold thickness, Asian Indian neonates had preserved subscapular skinfolds and higher insulin concentrations as compared to Caucasian neonates. 32 It appears that excess truncal subcutaneous adipose tissue is an important determinant of insulin resistance in adult Asian Indians and, in this study, we found similar observations in postpubertal children. It is known that subcutaneous adipose tissue is closely correlated to insulin resistance in adults, 33 and some investigators believe that this correlation is stronger than that of intra-abdominal fat. 33 Specifically, similar to our data, sum of three central skinfold thicknesses showed close correlation with 1-h insulin response independent of the peripheral skinfolds in Black and White children and adolescents. 10 Among hyperinsulinemic postpubertal children, we recorded the prevalence of overweight as defined by BMI and excess %BF to be B39 and 55%, respectively. These data are consistent with our previous study, which showed high %BF at a normal range of BMI in urban adult Asian Indians, 20, 34 which is associated with insulin resistance, 35 dyslipidemia, and type II diabetes mellitus. 36 Although no similar data are available for Asian Indian children, we have recently reported high C-reactive protein concentrations in 13% of adolescents and young adults (age range: 14-24 y) from the same cohort of the ESAY study. 18 In conjunction with the data of the current study, we now have evidence of substantial prevalence of subclinical inflammation (B22%) 18 and hyperinsulinemia (B59%) in overweight urban postpubertal Asian Indian children and young adults, portending a high risk of glucose intolerance and coronary heart disease later in life.
Interethnic differences in the surrogate measures of abdominal obesity are highlighted in Table 6 . The mean height of Asian Indian children in the present study was significantly lower as compared to Black and White children. 37 Interestingly, Asian Indian children had a lesser WC as compared to Black and White children 37, 38 of comparable age, but the W-HR was higher. The latter could be due to less fat-free mass of the lower limbs of Asian Indians, resulting in lower value of hip circumference. Lower realized height of Asian Indians may cause lesser length and fat-free mass of lower extremities. Importantly, both WC and W-HR did not independently predict hyperinsulinemia in the presence of %BF and P 4SF. These findings are intriguing given the previous data showing a close pathophysiological relationship of abdominal adiposity with insulin resistance in Asians Indians.
1,39 However, we used surrogate measures of abdominal obesity and did not estimate the intra-abdominal fat. Further, a different relationship of insulin resistance and abdominal obesity may exist in adults and the elderly compared to postpubertal children. Finally, children who have a low birth weight and remain lighter in childhood may manifest abdominal obesity only during the adulthood. 40 Although we did not address this hypothesis, it is likely that many children in our study had low birth weight since it is observed in B1/3rd urban children in India. 27 We did not attempt to analyze the lifestyle profile as a possible determinant of the observed anthropometry and insulin resistance in the present study. However, we recently reported nearly 2/3rd of 659 subjects of ESAY study to be sedentary in a preliminary communication, 41 which may be responsible for some of the adverse anthropometric and metabolic variables in the present study. An imbalanced dietary profile, including high saturated fat and low dietary fiber intake, has also been recorded in the ESAY study cohort 42 and may constitute other potential determinants for the adverse anthropometric and metabolic data shown by us. These data suggest that the important proatherogenic determinants for coronary heart disease in Asian Indians are already manifesting in postpubertal children. Cognizance should be taken of these important observations for the formulation of primary prevention policies for coronary heart disease and type II diabetes mellitus for Asian Indians 
